The occurrence of apoptosis and cell survival in the receptive uterus is intimately involved in the embryo implantation process in order to facilitate embryo attachment to the maternal endometrium. The initial stimulus leading to successful implantation might be triggered by the conceptus itself. By the end of rat embryo implantation, decidualization begins, followed by the regression of the decidua basalis on Day 14. The phosphatidylinositol 3-kinase (PI3-K) survival pathway and TGF-beta have been thought to play a role in this process. The objective of the present study was to investigate the regulation of the PI3-K/PTEN/Akt pathway in rat endometrium during pregnancy. Rats were killed on different days of pregnancy (Day 1-22 and postpartum) or pseudopregnancy (Day 1-9), and uteri were removed to collect endometrial tissues. The active form of Akt (pAkt) was increased at Day 5 of pregnancy and at Day 3 of pseudopregnancy as well as at Day 12 of pregnancy and at Day 1 postpartum. Of the three Akt isoforms (Akt1, Akt2, and Akt3), Akt3 was the only isoform phosphorylated at Day 5 during the implantation process and at postpartum as demonstrated by immunoprecipitation studies. PI3-K inhibition in vivo blocked Akt phosphorylation, reduced Smad2 phosphorylation, and reduced both TGF-beta2 and XIAP expression. PI3-K inhibition in cultured decidual cells led to inhibition of pAkt and decrease XIAP expression. These results suggest that Akt and XIAP may be important surviving signaling molecules by which apoptosis is regulated in the rat endometrium during pregnancy and that TGF-beta could be linked to this process.
INTRODUCTION
The balance between cell survival and cell death is crucial for successful implantation and maintenance of pregnancy [1] . On approximately the fourth day of its development, the embryo begins to implant in the endometrium of the rodent uterus. A progressive degree of proximity between trophoblast and endometrial epithelium occurs until the epithelial cells undergo apoptosis and detach from the basal membrane [2] . After that, estrogen and progesterone will induce decidualization of the endometrial stromal cells [3] . A second wave of apoptosis occurs around Day 14 of pregnancy in the decidua basalis (DB) [3] , a process called DB regression. In pseudopregnant rats, decidual reaction can occur in response to artificial stimuli; the absence of an embryo suggests that these morphological and physiological changes that are made to accommodate the developing conceptus result from an intrinsic uterine cell signaling. We have previously demonstrated that transforming growth factor beta (TGF-b) might be involved in triggering apoptosis during implantation and DB regression through the inhibition of Akt phosphorylation to allow trophoblast invasion [4, 5] . However, the specific intracellular mechanisms controlling the signaling pathways involved in transcription of key genes involved throughout pregnancy are not fully understood.
TGF-b is a pleiotropic cytokine which regulates proliferation, differentiation, and invasiveness. TGF-b isoforms (TGFb1, TGF-b2, and TGF-b3) can activate TGF-b receptors (TbRI, TbRII, and TbRIII) [6, 7] and trigger downstream transcriptional responses [8] which can lead to apoptosis [5] . The TGF-b signaling pathway involves cell surface receptors and gene regulation by Smad transcription factors [9] . For nuclear translocation, phosphorylation of Smad is essential, and kinases that are known to phosphorylate Smad include MAP kinase, Jnk, and cyclin-dependent kinase (CDK) [10] . More recently, we showed that the TGF-b signaling pathway can promote apoptosis through the modulation of the phosphatidylinositol 3-kinase (PI3-K)/Akt pathway by downregulating the X-linked inhibitor of apoptosis protein (XIAP) [5, 11] . Akt is a serine/threonine protein kinase that plays a central role in the PI3-K/Akt survival pathway. It is recruited to the plasma membrane and activated by phosphorylation at threonine 308 and serine 473 in response to growth factors and cytokines through PI3-K [12] , a process negatively regulated by PTEN PIP3 phosphatase. To date, three isoforms of Akt have been identified: Akt1, Akt2, and Akt3. Akt2 and Akt3 have 81% and 83% amino acid sequence homology with Akt1, respectively [12] . Once phosphorylated, Akt activates the cell survival pathway through phosphorylation of several anti-and proapoptotic proteins such as XIAP [13] , prostate apoptosis response-4 (Par-4) [14] , B-cell lymphoma 2 (Bcl-2) [15] , and HtrA2 [16] . It has also been shown that Akt is involved in the phosphorylation of IjB kinase (IKK), resulting in nuclear factor kappa-light-chain-enhancer of activated B cells (NF-jB) activation and translocation to the nucleus [17] . In the nucleus, NF-jB can activate the transcription of many genes involved in the process of pregnancy, such as prostaglandin-endoperoxide synthase 2 (Ptgs2) [18] , Bcl-2, Bcl-xL, survivin, and XIAP. Once transcribed, XIAP can further block caspase activity. A protein known to inhibit XIAP is second mitochondria-derived activator of caspase/direct IAP binding protein with low pI (Smac/DIABLO) [19] . Under cellular stress, Smac/DIABLO is released from mitochondria to the cytosol to promote caspase activation by binding and neutralizing XIAP [20] .
The aim of the present study was to characterize the expression and activity of the Akt survival pathway in the rat uterus throughout pregnancy, particularly at the time of implantation, DB regression, and postpartum (PP).
MATERIALS AND METHODS

Reagents
Blots and histological sections were probed with antibodies against Akt, the active form of Akt (phospho-Akt [pAkt; Ser 473]), Akt1, Akt2, XIAP, PTEN, NF-jB p65, pIjBa, cleaved caspase-3, PARP, pSmad2, and Smad2 (Cell Signaling Technology), Akt3 (OriGene), and Smac/DIABLO (Calbiochem); TGF-b1 (code sc-146), TGF-b2 (code sc-90), and TGF-b3 (code sc-82) polyclonal antibodies were purchased from Santa Cruz Biotechnology, Inc. Wortmannin was purchased from Sigma-Aldrich and LY294002 from Cell Signaling Technology.
Animals
Sprague-Dawley female rats, 200-225 g, were obtained from Charles River Laboratories Canada. Animals were maintained on standard chow and water, available ad libitum, in animal facilities illuminated between 600 h and 20:00 h. All procedures were performed in accordance with guidelines of the Canadian Council on Animal Care for the handling and training of laboratory animals and the Good Health and Animal Care Committee of the Université du Québec à Trois-Rivières. Male and female rats were mated overnight, and confirmation of mating was determined by vaginal smears and/or the presence of a vaginal plug (Day 1). Pseudopregnancy was induced by caging adult female rats with vasectomized males. Rats were killed and uteri were collected on Days 1, 3, 5, 7, and 9 of early pregnancy and pseudopregnancy in addition to Days 12-PP at 1000 h. To determine the effect of the PI3-K pathway during implantation, we injected Wortmannin, a potent inhibitor of PI3-K, on Day 4 of pregnancy. Wortmannin (dissolved in 4% methanol in saline, final concentration) was administered intraperitoneally in doses of 1.4 mg/kg. Control animals received a comparable volume of vehicle at the same time. Animals were killed by CO 2 asphyxiation on Day 5 of pregnancy, and uteri were taken for study. Three to four different rats were used for each stage of pregnancy. Endometrial samples were used for analysis.
Decidual Cell Culture
Uteri from pseudopregnant rats (Day 5) were removed and horns taken and immersed in Hanks balanced salt solution (HBSS) containing HEPES (20 mM), penicillin (100 units/ml), streptomycin (100 lg/ml), and amphotericin B (1.25 ll/ ml) (Invitrogen). Further manipulations were performed in a sterile environment. Uterine horns were transferred to a sterile Petri dish containing HBSS, slit longitudinally, and immersed in trypsin type I solution (0.3%) (Roche Diagnostics) in HBSS and agitated for 60 min at room temperature. Uterine horns were then vortexed at maximum speed for 5 sec, and supernatant containing epithelial cells was discarded. Uterine horns were washed three times with 2.5 ml of HBSS and immersed in HBSS solution containing trypsin type I (0.03%), DNase I (0.016%), and collagenase type II (0.064%) for 15 min at 378C in a water bath. Uterine horns were then vortexed at maximum for 5 sec. Supernatant containing stromal cells was transferred into a sterile Falcon tube (BD Falcon) containing 150 ll of fetal bovine serum (FBS) dextran-charcoal (DC) extracted. Uterine horns were washed twice with 2.5 ml of HBSS, and the supernatant was added to the tube containing stromal cells. Uterine horns were discarded, and stromal cells were centrifuged at 1000 3 g for 5 min. Cells were washed twice with HBSS and centrifuged. The supernatant was discarded, and cells were resuspended in Dulbecco modified Eagle medium/F12 medium (DMEM-F12; Invitrogen) containing 2.438 g/L NaHCO 3 , 10% FBS DC, and 50 lg/ml gentamicin. Cells were plated in 6-well plates (Corning) at a density of 4 3 10 5 cells per well and incubated at 378C in an atmosphere of 5% CO 2 . The medium was changed 2 h after the first incubation in order to eliminate unadhered epithelial cells from stromal cell cultures. The purity of stromal cells was more than 97%, as evaluated by cellular morphology and immunofluorescence, using an epithelial-specific keratin 8/18 antibody. Three to 5 days after cells were plated (more than 90% of confluency reached), the cells were treated for 24 h in the presence or absence of increasing doses of LY294002. Total proteins from treated cell cultures were extracted using TRIzol (Invitrogen). For Western blot analyses, 15 lg of total protein was used.
Protein Extraction and Immunoblotting
Endometrial proteins were gently scraped from the uterine tissues, and each sample was homogenized in RIPA lysis buffer containing protease inhibitors (Complete Mini Protease Inhibitor, Roche), followed by three freeze thaw cycles. Equal amounts of cell lysate were resolved by 8%-15% SDS-PAGE and then transferred onto nitrocellulose membranes (Bio-Rad). Membranes were probed with primary antibody overnight at 48C (Akt, pAkt [Ser 473], Akt1-2-3, XIAP, PTEN, Smac /DIABLO, cleaved caspase-3, PARP, NF-jB p65, pIjBa, pSmad2, Smad2, and TGF-b1, -b2, and -b3 at 1:1000 dilution) and incubated with horseradish peroxidase-conjugated secondary antibody for 45 min. Detection was performed using Super Signal West Femto substrate (Pierce), as described by the manufacturer.
Immunoprecipitation
Akt1, Akt2, and Akt3 proteins from Day 5 and PP were immunoprecipitated. Briefly, cells were extracted and lysed in lysis/wash buffer (50 mM Tris, pH 7.5, 150 mM NaCl, 0.5% sodium deoxycholate, 1% NP-40 in PBS, protease complete inhibitor [Roche]). Lysate was transferred to a syringe prechilled on ice and homogenized 10 times. To remove debris, the homogenized suspension was centrifuged for 15 min at 13 000 rpm at 48C. Protein A-agarose-prewashed bead suspension was added to supernatant and incubated for at least 3 h at 48C on a rocking platform. Precleared lysate was centrifuged, and specific antibody (Akt1, 1:100 dilution; Akt2, 1:200 dilution; Akt3, 1:75 dilution) was added to supernatant and gently rocked overnight at 48C. Protein A suspension was added to the prepared samples and incubated for 6 h at 48C on a rocking platform. Complexes were collected by centrifugation and washed three times. Reducing sample buffer was added to the complexes, and the suspension was boiled for 3 min at 1008C and centrifuged to pellet the supernatant, which was collected for Western blot analysis.
Immunohistochemistry
The uterus was fixed in 4% paraformaldehyde solution and embedded in paraffin. Tissue sections of 7-lm thickness were mounted on polylysine-coated slides. The slides were deparaffinized by heating at 588C for 30 min, followed by two washes in NeoClear solvent (VWR Canlab) and then progressively hydrated with successive washes at room temperature in 100%, 95%, and 70% ethanol, which was followed by a wash in PBS. After permeabilization for 10 min in boiling citrate solution (10 mM sodium citrate, 0.05% Tween 20), the tissue slides were washed twice with PBS at room temperature. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide in water for 10 min at room temperature. Tissue sections were incubated with a proteinblocking serum-free reagent (Dako Diagnostics, Inc.) for 30 min to block nonspecific binding. Tissues were probed with primary antibodies (Akt, pAkt [Ser 473], NF-jB, pSmad2) diluted in 13 PBS, diluted 1:100, overnight at 48C. The LSAB2 System HRP (DAKO) was used according to the protocol of the manufacturer. Negative controls were performed by replacing the primary antibody with normal rabbit immunoglobulin G (IgG; Vector Laboratories Inc.).
Statistical Analysis
Western blot analysis of pregnant animals was repeated 3-4 times (3-4 different rats/endometrial extract per day). Endometrial extracts from each rat were assessed individually. Results subjected to statistical analysis were expressed as means 6 SEM. Data were subjected to one-way ANOVA and unpaired t test (using PRISM software, version 4.0; GraphPad). Differences between experimental groups were determined by the Tukey test.
RESULTS
Expression of Akt-1, -2, and -3 in Pregnant and Pseudopregnant Rat Endometrium
Because we recently demonstrated the importance of Akt activity inhibition in TGF-b-induced apoptosis in rat decidual cells in vitro [5, 11] , we sought to determine its expression and activity during pregnancy. We found that pAkt levels increased by Day 5 of pregnancy and by Day 3 of pseudopregnancy (Fig.  1) . Furthermore, Akt phosphorylation was gradually reduced from Days 12 to 22 of pregnancy but was further increased at Day 1 PP. Total Akt was increased at Days 5 of pregnancy and pseudopregnancy, which may indicate a relationship between hormonal surge and Akt regulation, and decreased from Days 12 to 22 and was further increased at Day 1 PP. In order to pinpoint which Akt isoform was upregulated during pregnancy, VEILLETTE ET AL.
we determined the expression levels of the three Akt isoforms at the time of implantation (Days 1-9), during pseudopregnancy (Days 1-9), and late pregnancy (Days 12-22 and Day 1 PP). Results showed that Akt1 was increased at Day 5 ( Fig. 2) . In pseudopregnancy, Akt1 decreased from Days 3 to 7. Akt2 increased from Days 3 to 9 during early pregnancy. In pseudopregnancy, Akt2 was increased at Day 3, but it was not statistically significant. Akt3 did not show increased or decreased expression during early pregnancy or pseudopregnancy. Total Akt and all three Akt isoforms during late pregnancy showed a decrease from Days 12 to 22 and peaked at PP, suggesting a possible role for Akt at the time of PP instead of an action in DB regression.
In Vivo Activation of Akt-1, -2, and -3 in Endometrial Cells
Specific protein activation is essential for efficient conceptus implantation. However, Akt3 was the only isoform phosphorylated at implantation (Day 5) and PP, as demonstrated by immunoprecipitation (Fig. 3, A and B) , suggesting a specific role for Akt3 at implantation and at Day 1 PP. Moreover, the increased Akt3 was observed on Day 5 as demonstrated by the pAkt:Akt3 ratio (Fig. 3C) .
In Vivo Modulation of XIAP, Smac/DIABLO, and PTEN in Endometrium
To further investigate the regulation of factors that might be involved in cell survival, proteins known to regulate PI3-K/Akt pathway activity such as XIAP, Smac/DIABLO, and PTEN were studied. Several studies have shown a possible link between XIAP expression and Akt activity [21] [22] [23] . We sought to determine XIAP expression in pregnant rat endometrium. XIAP expression was reduced from Days 1 to 9 of pregnancy and pseudopregnancy (Fig. 4) , increased at Day 14, and further decreased until the end of pregnancy. Reduced XIAP expression from Days 12 to 22 was concomitant with reduced pAkt expression on Days 20-22, suggesting a possible functional link between XIAP expression and Akt activity. As stated previously, Smac/DIABLO is known to inhibit XIAP. During pregnancy, we observed a constant level of Smac/DIABLO; but in pseudopregnancy, a gradual decrease was observed from Days 1 to 9 (Fig. 4) . This result suggests that the conceptus might have an impact on Smac/DIABLO expression. Finally, expression of PTEN, a proapoptotic phosphatase negatively involved in Akt phosphorylation, was not influenced during early pregnancy but was reduced on Days 14-22 (Fig. 4) . In pseudopregnant rat, a peak of PTEN expression at Day 5 was observed.
pIjB Expression Is Dependent of the Presence of Conceptus
We observed no significant difference of pIjB protein during early pregnancy, but expression on Day 14 of pregnancy was significantly higher than that on days of late pregnancy and PP (Fig. 5A) . On the contrary, no pIjB was detected during pseudopregnancy. A statistically constant rate of NF-jB expression was observed during early pregnancy and was decreased from Days 14 to 22 of late pregnancy. NF-jB expression was significantly increased from Days 1 to 3, and expression gradually decreased from Days 3 to 9 of pseudopregnancy. NF-jB expression was significantly increased at Day 1 PP compared to that during late pregnancy (Days 20-22). Immunohistochemistry testing was used to localize NF-jB in the endometrial cells from pregnant and pseudopregnant rats. We noticed the presence of NF-jB in the nuclei of pregnant but not pseudopregnant rats (Fig. 5B) . 
Akt SURVIVAL PATHWAY IN RAT ENDOMETRIUM
Effect of PI3-K Inhibition on pAkt and XIAP Expression
To investigate the regulation of factors that might be involved in rat implantation through the PI3-K/Akt pathway, we used Wortmannin (1.4 mg/kg), a potent PI3-K inhibitor [24] . It was injected in vivo to block Akt phosphorylation. As hypothesized, Wortmannin prevented Akt phosphorylation and reduced XIAP expression (Fig. 6) . The apoptosis markers caspase-3 and cleaved PARP were measured during Akt inhibition. No significant changes were observed in cleaved caspase-3 and cleaved PARP levels (Fig. 6) . A significant decrease in the phosphorylation of Smad2 was observed, suggesting a possible modulation of TGF-b signaling through an interaction with Akt in this system (Fig. 6) . Only the secreted form of the TGF-b2 isoform was significantly decreased. This possibly shows that secretion of TGF-b2 and the activation of Smad2 is PI3-K/Akt dependent. LY294002, another well-known and characterized PI3-K inhibitor [25] , was used in vitro to block Akt phosphorylation in cultured decidual cells (Fig. 7A) . In vitro, LY294002 prevented Akt phosphorylation and reduced XIAP expression in a dosedependent manner (Fig. 7A) , suggesting again that Akt activity may regulate XIAP expression in decidual cells, as observed in other systems [21, 22] .
DISCUSSION
It is generally accepted that rodent pregnancy is punctuated by a progressive induction of apoptosis and cell survival through the maternal tissues lining the conceptus, but molecular mechanisms involved in triggering those process in endometrial cells are still unknown. The aim of the present study was to characterize the expression of the PI3-K/Akt survival pathway actors in the rat uterus during pregnancy.
Our data demonstrate evidence for overlapping actions but not redundant roles for all three Akt isoforms. Each Akt isoform is expressed during both pseudopregnancy and pregnancy. Additionally, only the Akt3 isoform was phosphorylated at the time of implantation and on Day 1 PP. The pAkt:Akt3 ratio also showed that the phosphorylation was higher on Day 5 during early pregnancy. Recent studies showed that the different isoforms have different functions. Akt1 has a critical role in cell survival: Akt1 null mice are smaller than their wild-type counterparts, and Akt1 knockout VEILLETTE ET AL. cells display higher rates of apoptosis [26, 27] . Akt2 has a role in the maintenance of glucose homeostasis: Akt2 knockout mice develop a type 2 diabetes-like phenotype, and cells derived from those mice show impaired glucose utilization [28, 29] . Akt3 knockout mice are viable and fertile but display impaired brain development [30] . Although these data strongly support the hypothesis that different cellular processes are primarily under the control of the different Akt isoforms, phenotypic analyses of double Akt isoform knockout mice revealed some functional redundancy among the three isoforms. Simultaneous deletion of Akt1 and Akt2 causes lethality shortly after birth [31] . Akt1/Akt3 double knockout mice are embryonically lethal [32] , whereas mice with a single functional allele of Akt1 (Akt1þ/À;Akt2À/À;Akt3À/À) are viable despite reduced body weight and insulin and glucose intolerance. According to our data, these support the idea that each isoform plays a different role in different steps of the pregnancy [32] and during the recovery process involve after parturition. Also, these results support the fact that the activation of one isoform could be dependent of the tissues or a specific stimulus [33] .
The present results strengthen our hypothesis that pAkt is an important protein during cell survival events occurring in the endometrium during rat early and late pregnancy. At the time of implantation (Day 5), Akt phosphorylation was increased and apoptosis was decreased, as demonstrated by diminution of the cleaved caspase-3 fragment [5] . In the late phase of pregnancy, we observed the opposite, indeed, at the time of DB regression (Days 14-16), Akt phosphorylation was reduced, and this is in agreement with previous studies showing that apoptosis is increased in the endometrium during this period of pregnancy [5] . These results support the fact that this pathway is more active during embryo implantation and must be reduced at the time of DB regression, which reinforces the idea that activity is related to cell survival and protection. Although at implantation, caspase-3 cleavage is not under the influence of Akt phosphorylation as demonstrated by Wortmannin inhibition. We have previously demonstrated increased Akt expression and activity in response to 17b-estradiol in the cycling rat uterus, and this might be an important mechanism for protecting endometrial cells from apoptotic triggering and to induce endometrial cell proliferation [34] . However inhibition of Akt activity might lead to caspase-3 activation and apoptosis in a more cell-independent fashion, particularly at the level of epithelial endometrial cells. A similar process might be involved in the pregnant rat uterus. However, the presence of active cleaved caspase-3 does not necessarily indicate that apoptosis will be triggered as many caspase inhibitors can be present in the cytoplasm to block their activities. One example of such an inhibitor is XIAP [22] . Surprisingly, our results showed that XIAP expression was high at the beginning of DB regression (Day 14 of pregnancy). Nonetheless, in the uterus of cycling rats, a similar situation was observed: apoptosis was strong at estrus, even though XIAP expression was maximal [20] . We also showed that XIAP expression was high on Day 1 and gradually decreased up to Day 9. Because XIAP is an antiapoptotic factor, logically, its expression should be reduced at the time of apoptosis induction. It is therefore possible that XIAP is inhibited in pregnancy to allow apoptosis of only a few specific cells which Akt SURVIVAL PATHWAY IN RAT ENDOMETRIUM facilitate embryo attachment to the maternal endometrium and decidual regression. This inhibition of XIAP could be accomplished by Smac/DIABLO. To be translocated in the cytosol from mitochondria, Smac/DIABLO need a stress [35] . When Smac/DIABLO expression is compared between pregnant and pseudopregnant rats, we propose that the conceptus could induce a constant release of Smac/DIABLO in the cytosol to inhibit XIAP in specific cells in the endometrium at the time of implantation. It has been shown in ovariectomized rats that XIAP expression was increased by 17b-estradiol, which is consistent with the mitogenic activity of 17b-estradiol and the apoptosis inhibitory activity of XIAP [20] . In the present study, XIAP expression positively correlates with proliferative phases of pregnancy, supporting the fact that XIAP might act as an antiapoptotic factor. However, cellular activities other than inhibition of caspases have recently been ascribed to XIAP. Notably, it has been demonstrated that XIAP functions as a cofactor for TGF-b1 in the regulation of gene expression [36] . Also, we demonstrated that XIAP expression is regulated by the three isoforms of TGF-b in a Smad-dependent manner [23, 37] . We have previously shown that exposure to the three TGF-b isoforms decreases XIAP protein content and Akt phosphorylation in rat endometrial cells [5, 11] . Inhibition of Akt phosphorylation in vivo by Wortmannin or in vitro by LY294002 led to a decreased expression of XIAP and a decrease in expression of TGF-b2 in vivo. This indicates that Akt activity and TGF-b pathway may be involved in the regulation of XIAP expression in endometrial cells.
It is also possible that Akt regulates XIAP via NF-jB in endometrial cells. Akt activity can induce NF-jB mobilization and activation by IjB phosphorylation [38] [39] [40] ; NF-jB plays a significant role in immune regulation and may participate to the mechanism by which the fetus avoids maternal rejection throughout pregnancy. As the embryo implants itself, the uterus becomes aware of its presence, and changes are made accordingly in order to maintain and feed the conceptus. Some intracellular signals are triggered by the embryo and some come from the maternal endometrium. The comparison between pregnant and pseudopregnant rats shows that the conceptus could regulate the phosphorylation of IjB. We observed a constant amount of pIjB proteins throughout early pregnancy. In contrast, no pIjB was detected during pseudopregnancy, suggesting a role for the PI3-K/Akt pathway and NF-jB at the onset of embryo implantation. Recent studies have shown that NF-jB could be activated by the PI3-K/Akt pathway [17] . The presence of the embryo seems to activate NF-jB by IjB phosphorylation and therefore may be 
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associated with the activation of the maternal immune system. It is believed that maternal cells present in the endometrium play a key supportive role during implantation [41] . The sex steroid progesterone is crucial for building and maintaining an endometrial lining into which the blastocyst can implant and grow. Progesterone also has an important immunosuppressive effects [42] , and it has been shown to increase IjB expression [43] , which could prevent rejection of the fetus by the maternal immune system. Taken together, these data indicate that specific factors regulate expression of NF-jB/IjB in a pregnancy-specific manner and may underlie one mechanism by which the fetus avoids maternal rejection throughout pregnancy. At PP, we observed an increase in Akt phosphorylation, PTEN protein content, and NF-jB expression. Moreover, previous reports indicate that the transcription factor NF-jB can control the transcription of the prostaglandin-endoperoxide synthase 2 (Ptgs2) gene through IKK pathway activation in different systems [12, 39] . Our results suggest that the PI3-K/Akt pathway might be involved during parturition through NF-jB transcription factor; it was investigated by our laboratory that a subsequent Ptgs2 upregulation lead to prostaglandins production by endometrial cells [44] . Also, we proposed that increased Akt activation is important for the regeneration of the endometrium after parturition.
PTEN, a phosphatase localized at the plasma membrane [45] , which directly dephosphorylates the phospholipid PIP 3 and is important for Akt phosphorylation/activation [46] , contrary to our hypothesis, might not be the phosphatase involved in the regulation of Akt activity in implantation and DB regression, as the level of PTEN protein was not influenced Akt SURVIVAL PATHWAY IN RAT ENDOMETRIUM by pAkt levels. The current results clearly show that PTEN protein was present in the endometrium and was influenced by pregnancy. A study in the human endometrium revealed that PTEN might be regulated by progesterone throughout the human menstrual cycle [47] . We also demonstrate in a previous study that XIAP regulates PTEN protein content and localization [23] . XIAP is able to induce PTEN ubiquitination through its RING domain containing E3 ubiquitin ligase activity [48] . Content and compartmentalization of PTEN are affected by this modification, and PTEN may not be available at the membrane level following its nuclear translocation through mono-ubiquitination by XIAP, and this may explain why PTEN expression is not observed during this process.
Recently, we have shown the expression of all three TGF-b isoforms in the pregnant rat uterus and have confirmed the presence of apoptosis in epithelial cells during embryo implantation and during DB regression [5, 8] . In our latter study, the secreted forms of TGF-b1 and -b2 rose on Days 5.5- VEILLETTE ET AL. 6 .5, but TGF-b3 was not detected [8] . We also demonstrated that TGF-b1, -b2, and -b3 induced apoptosis, which suggests that they might be important regulators of cell fate during early pregnancy [5, 11] . TGF-b1 and -b3 induced Smad2 phosphorylation [5, 11] . We showed that TGF-b2 treatment decrease pAkt and pSmad2 [11] . The present study showed that Wortmannin treatment induced a significant decrease of pSmad2 in vivo, indicating an Akt-dependent blockade of autocrine TGF-b signaling. The results also showed a significant decrease of TGF-b2 with Wortmannin treatment. Therefore, these results suggest that phosphorylation of Smad2 is dependent of the activation of TGF-b2 by Akt3 activation at the time of implantation in endometrial cells. It could be explained by recent studies showing that upon activation, Akt mediates cell-cycle progression by phosphorylation of p27 Kip1 at threonine 157. This contributes to cytosotic retention of p27, thus relieving cyclin-dependent kinases (CDK) from p27-induced inhibition and allowing Smad phosphorylation to induce its transcriptional action [49, 50] . A recent study also showed that the Akt pathway can modulate TGF-b signaling by a direct interaction with Smad3 [51] . Additionally, neither Wortmannin nor LY294002 are specific PI3-K inhibitors; Wortmannin inhibits PI3 kinase as well as polo-like kinase 1 [52] . Nevertheless, all rats treated with Wortmannin have the normal number of implantation sites, showing an average of 11.3 sites/rat (data not shown). This indicates that Akt phosphorylation may not be absolutely required for the establishment of embryo implantation in the uterus. However, as activation of Akt was not completely inhibited by Wortmannin, it is possible that implantation needs only a small amount of activated Akt or, this suggests, that another pathway could compensate for the down-regulation of pAkt. It has been demonstrated that ERK and Akt could play cooperative roles in maintenance signal for survival at an early stage of pregnancy establishment [53] . We thus propose a link between TGF-b and the PI-3K/Akt pathways at the time of embryo implantation.
In conclusion, considering the sum of factors known to influence the probability of successful implantation, it is unlikely that the problem can be solved by addressing only one pathway. This study demonstrates that Akt activity is important for directing endometrial cell fate during pregnancy. We describe the modulation of the three Akt isoforms in rat endometrial cells in the presence or absence of a conceptus, and we showed that the PI3-K/Akt pathway and TGF-b might be connected and involved in the endometrium. All the information gained from the present study will enlighten the importance of apoptosis and cell survival in a successful reproductive process.
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